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OF THE SPACE SHUTTLE VEHICt.E
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IN THE ARC I]-FOOT JFIIIARY
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VOLUME 7
By R. L. Gillins, Rockwell InternationalSpace Division
ABSTRACT
This report presents results of tests conducted on an O.030-scale
launch configurationmodel of tne Space Shuttle Vehicle 140A/B in the
NASA/ARC ll-Foot Unitary Plan Wind Tunnel. Aerodynamic loads data were
obtained at Mach numbers from 0.6 to 1.4.
Surface pressure distributions were obtained simultaneouslywith six-
component stability and control force data on the complete launch configu-
ration. The configurationconsisted of the orbiter, an external tank,
two solid rocket boosters, and associated intercomponentattach hardware.
Angles of attack and sideslip from -lO degrees to +lO degrees were inves-
tigated. The tests, desiFnated IAI4A, were conducted from 4 September
1973 through 13 September 1973.
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INTRODUCTION
The O.030-scale aero loads Space Shuttle Model was tested in the ARC
Unitary Plan Wind funnels as follows:
IAI4A 4 thru 13 Sept. 1973
IAI4B 17 thru 19 Sept. 1973
OA22A 13 thru 14 Sept. 1973
OA22B 19 thru 20 Sept. 1973
For tests IAI4B, OA22A, and OA22B, see reference 34, 35, and 36,
respectively.
The testing was conducted in the ]l-foot and the 9- by 7-foot tunnels
of the ARC Unitary Plan Wind Tunnels. The IAI4A/B tests were for the launch
configurationsat Macn numbers from 0.6 to 2.2. The OA22A/B tests were for
the orbiter alone configuration at Mach numbers from 0.6 to 2.2. The effects
of control surface deflections were also investigated in tests OAZ2A/B.
This report for test IAI4A consists of one volume of force data and ten
volumes of pressure data for a total of eleven volumes arrayed in the following
manner:
Volume No. Contents Page
]. IAI4A force data
2. IAI4A plotted pressure data
3. IAI4A tabulated pressure data
(a) Orbiter fuselage (B) 1-725
(b) Orbiter base (C) 726-9]8
4
...... • 4
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Volume No. Contents Page
4. IAI4A tabulated pressure data
(a) OMS nozzle (E) 91q-li45
(b) Body flap (F) 1146-1338
(c) OMS pod outside (M) 1339-1531
5. IAI4A tabulated pressure data
(a) Lower wing surface (L) 1532-2414
6. IAI4A tabuJated pressure data
(a) Upper wing surface (U) 2415-3297
7. IAI4A tabulated pressure data
(a) Left vertical tail surface (V) 3298-3603
(b) Right vertical tail surface (R) 3604-3909
8. IAI4A tabulated pressure data
(a) SRM booster (S) 3910-4444
9. [AI4A tabulated pressure data
(a) External tank (T) 4445-5031
(b) SRM nozzle (X) 5022-5161
lO. IAI4A tabulated pressure data
(a) External tank base & SRM 5162-5354
booster base (Y)
(b) Orbiter attach points (I) 5355-£941
II. IAI4A tabulated pressure data
(a) External tank attach points (2) 5942-6313
(b) External tank base rake (3) 6314-6412
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NOMENCLA"A_E
General
SADSAC
SYMBOL SYMBOL DZ%'INITION
spe't.d of sound; m/see, ft/sec
Cp CP pr,.:sur,, coeffli,zlent; (Pl " P_')/q
M MACH M'_-h numb,.r; V/_
p pressure; N/re', psf
)
RN/L RN/L unit Reynolds number; [,-r m, per ft
V v_locity; m/s,._, t't/sec
(_ ALPFbq ',ngl_ of ,tt_'k, degrees
BETA 'm_le of sld_';lip, deg_e*_s
PS[ ",n_'_,' of y,,_w,d-_;Zec'.;
PHI ,,r,gl,'of roll. degr_'es
m_zs density; kg/m_0 :lugs/ft /
Rr't','r"nr",_& C.G. [k.finltlons
At, b'_:;,. "_r,',,; m' , ft
b B_EF rf, f,_renc_ :;p,,n; m, ft
,'.g. _'pnter of _T,,vity
r,,l'.r,.n,'.],,ngth or wing m,'_m
',,.r,,dy:J,,mi:' ,'n_,rd; m, !'t
•: .!R_b '.in¢ ",r,",,)r r,,!,,_,,n,',,ur,.u, _n , :'t
MRI m,,m,tit r,t','r,'n,', point
:q_/_}' m ,r,,:,t r,.t',.r,.n.'..;;oint on X ',xi_
"fMR,|> m,,m.r_t r*'f,'r,'r_',' p,:Int or. Y _x£::
1"?.I}_} .-:,.-..,_t r,'!',.r,.' ,. [:,)int oL ',: ':xl_:
S_/B3CR IFTC
[ :,<', i
•: t') t 1 ."ondi tl '_n .:
t t,_t,,i or:ditte,r,.
'_ !'r. , r:tr_',)r:
6
J
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I NGM]_CLA_/R/_ (Continued)
_.-Ax£ _:S_tem
SADSAC
_TMBOL SYMBOL DEFINITION
GN CN normal-for(m coeffieiert; normel force
qS
CA CA _xi_il-for-e -oeffielent; r_xi81 force
qS
Cy CY side-loree coefficient; side force
qS
CAb CAB base-force coefficient: b_se force
qS
%(Pb - p<_)l'_s
CAf CAF forebody ,'.Jx[:_lfor,:e coeffi<:ient CA, - CAb
Cm C[M Ditching-mom,:r_tcoefficient; _itchln_ mo_:nt
qslR_
(_i CYN yawing-moment c_._ffi_,tent; _a_n6 moment
qSb
C_ CBL rollin_-moment -_._fflcient; rollin_ moment
qSb
St,,bilit_'-Axi:_.;_:;tem
CL CL lift _:o+'fft'!.,rot;lift
qS
CD CD drug ,_'(2_,,t'fi ,' i _.nt ;
qS
CDb t'iB b_se-dr_,_:co,,f'ftclent; b_:;,:_li'ag_q3
CDf i?:)F for_bc_,ly dr_g ¢oeft'i<:i_'nt;CD - CL%;
Cy ('Y .:id,:-forcec'o_t':'i<:lent;.':Idefore,-
qS
C_n I'I.M _Itc'ntn_-moment coeffi-lent: pltcb/n_ moment
q£]E Er
Cn C'L_ yawlr_g-mom,I:t 'o, fft.,'l_.nt; _/,J_tn_, moment
(?_ ?'.'L rolling-m,_m,,ntf,o+_ffl,lent; rollin_ moai_ntlSb
L/D L/D lift-to-cllfF r',tio; cdC b
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NOMENCLATURE (Continued)
Additions To Standard List
SADSAC
Symbol Symbol Definition
model base area, subscript is base orifice number
A( ) and identifies location
CAb CAB model base axial-force coefficient
Cp( model static pressure coefficient, subscript is) orifice number, [p( ) - pJ/q
CAU CA axial-furce coefficient, unadjusted
CAF CAF forebody axial-force coefficient, CAt! adjusted for
base terms
ET external tank
IV integrated vehicle, consists of orbiter, external
tank, and two solid rocket motors
IREF LREF reference length, inches
M:IC moment reference center
OMS orbital maheuvering system
_e ELEVON elevon, surface deflectioTiangle, positive deflection
zrailing edge down, degrees
_f BDFLAP orbiter body f_ap deflection ar,gle,pusitive de-
fleution angle is trailing edge down, degrees
_R RUDDER rudder, surface deflection angle, ,ositive deflection
trailing edge to the left, degrees
"SB SPDBRK speed brake deflection angle, left split rudder trail-
ing edge left and right split rudder trailing edge
right, _SB = (_RL + _RR)/2' positive deflection,
degrees
i ORBANC incidence angle between the orbiter and external
o tank, i0 : "0 " '_T'degrees
i_m .... A4
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r;OMENCLATURE(Continued)
i<T BETAT angle of sidesiip of external tank, degrees
_T #_PHAT angle of attack of external tank, degrees
_B LB length of orbiter body, in
_T LT iength of external tank, in
_s LS length of SRM booster, in
_NM LNM length of OMS nozzle, positive direction forward
of exit plane, in
_NP LNP length of MPS nozzle, positive direction forv_ard
of exit plane,in
b/2 BW wir_gsemi-span, in
bv BV vertical tail span, in
x X distance from cot_ponentnose, in
y v lateral distance from centerline, in
z Z vertical di,.tancemeasurecIfrom W.L. 500 (vertical
tail reference root chord), in
cw CW local wing chord, in
c CV local vertical tail chord, in
v
x/_¢B X/LB longitudinal position/orbiterbody length
x/_T X/LT longitudinal position/externaltank length
x1_S X/LS longitudinal position/t,oster length
XlINM XILNM longitudinal l>ositionI(}MSnozzle length
9
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NOMENCLATURE (Concluded)
X/_Np X/LNP longitudinal position/MPS nozzle length
x/cw X/CW local chordwise position/localwing chord length
x/cv X/CV local chordwise position/local vertical tail
chord lenqth.
n Y/BW local spanwise position/wing semi-span
nv Z/BV local spanwise position/verticaltail span
Xcp/_ XCP/L center of pressure distance from MRC, expressed as
a fraction of body length
_0 BETAO angle of sideslip of orbiter
(_0 ALPHAO angle of attack of orbiter
In
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CONFIGURATIONSINVESTIGATED
The O.030-scale Aero Loads Model, 47-0TS, was configured after the
Shuttle Vehicle MCR0200 Baseline RI, as defined in drawing number VL70-
000088B. The orbiter configuration was a combination of the VL70-OOOI40A
orbiter and a VL70-OOOI40B wing and midbody, from which the 140A/B designa-
tion was derived. The basic launch configuration consisted of the orbiter,
an external tank with simulated fuel and vent lines, and two solid rocket
boosters, designated 01 TI2 S12 N25.
Three launch configurations were tested. One was the basic configuration
described above mounted on a dual balance and sting arrangement, illustrated
in figure 2d. A second contained attach hardware, designated ATIo, mating
the orbiter with the external tank and mounted on a single sting and balance
in the orbiter, illustrated in figure 2b. The third utilized a similar
attach hardware configuration, designated AT11, which was attached to the
orbiter but not to the external tank and was mounted on the same dual sting
and balance arrangement as the basic configuration (figure 2c). In all three
configurations, the SRB-to-ET attach hardware was simulated at the forward
attach location but not at the aft attach location. Model and component
general arrangements are shown in figures 2e through 2o.
Component Descri pti on
01 140A/B orbiter minus the main propulsion system
nozzles
TI2 324-inch diameter external tank with ogive nose
and external fuel and vent lines
S12 142.3-inch diameter solid rocket boosters
II
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N25 Nozzles for Sl2 boosters
Orbiter-to-ET attach hardware, fixed to both
AT10 vehicles
Orbiter-to-ET attach hardware, fixed to orbiterAT11
only
LV 01 TI2 S12 N25
LVA 01 TI2 S12 N25 ATIo
LVAP 01 TI2 S12 N25 AT11
The orbiter 0 I, consisted of the following components:
B26 C9 F8 M7 N28 V8 R5 WII6 E26"
B26 Double delta wing fuselage, 140A/B
C9 Canopy, 140A
F8 Body flap, 140A
M7 OMSpods, 140A
N28 OMSnozzles, 140A
V8 Vertical tail, 140A
R5 Rudder, 140A
WII 6 Double delta wing, 140B
E26 Elevons, 140B
Parametric investigationswere limited to angles of attack and side-
slip with all orbiter control surfaces at 0° deflection.
12
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INSTRUMENTATIONDESCRIPTION
The left side of the orbiter and the external tank and the left hand
SRB were extensively instrumentedwith pressure orifices for measurement
of surface static pressure distributions. Additionally, there were clusters
of orifices around inter-componentattach structure locations on the right
hand side of the orbiter and external tank. The orbiter contained 471
operational orifices, of which 83 were clustered around attach structure.
The external tank contained 270 operational orifices, of which 127 were
clustered around attach structure. The SRB contained 124 operational
orifices. A three-tube total pressure rake was installed in the opening
between the orbiter and external tank. Tables and sketches defining orifice
locations are included in this report. All model pressures were measured
by model mounted Scanivalve, Inc., S-type scanivalve modules twelve in
the orbiter, seven in the external tank, and five in the SRB.
Force instrumentation consisted of a six-component internal force
balance in both the orbiter and external tank for the LV and LVAP con-
figurations, and a single six-cu_(Iponentinternal force balance in the
orbiter for the attached LVA configuration.
13
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TEST FACILITY DESCRIPTION
The tests were conducted in the Ames II- by ll-Foot Transonic Wind
Tunnel Which is a variable density, closed return, continuous flow type.
This tunnel has an adjustable nozzle (two flexible walls) and a slotted
test section to permit transonic testing over a Mach number range continuously
variable from 0.4 to 1.4.
14
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I DATA REDUCTION
Data were reduced to coefficient form about body axes using the
following reference constants"
SREF = 2.421 ft 2 reference area for force and momentcoefficients
_REF = 38.709 in reference length for moment coefficients
A1 = 0.07670 ft 2 Orbiter sting cavity
A2 _ 0.21340 ft2 Orbiter heat shield base
A3 = 0.08560 ft2 Orbiter OMS base (2)
A4 = (see table below) Orbiter speed brake base
A501 = 0.07265 ft 2 Tank sting cavity
A502 = 0.44264 ft 2 Tank base
A801 = 0.19600 ft 2 _RM nozzle base (2)
= 0.16590 ft 2 SRMskirtA802 base (2)
'_SB = 0 deg A4 = 0 ft 2
14.92 0.02327
24.92 0,03866
34.02 0.05370
54.92 0.08252
84.92 0,12083
XMRP = 0 in
YMRP= 0 in
ZMRP = 9,99 in
15
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The incidence angle between the orbiter and the external tank is
equal to zero for angle of attack and _ lle of sideslip. Therefore, the
angle of attack, ALPHA, used in the force plots is equal to ALPHAO. Also
the angle of sideslip, BETA, used in the force plots is equal to BETAO.
The force and moment data recorded by the orbiter balance for con-
figuration LV and LVAP are identified as RBIOXXdatasets. Force and
moment data recorded by the tank balance for configuration LV and LVAP
and by the orbiter balance for LVA (composite) are identified by RBIIXX.
The pressure data were recorded for each component. The fourth
character in each dataset identifier (i.e. RBIBXX, B for fuselage) repre-
sents the individual component. The following list indicates the symbol
for each component.
SYMBOL COMPONENT
B Orbiter fuselage
C Orbiter base
E OMSnozzle
F Body flap
M OMSpod outside
L Lower wing surface
U Upper wing surface
R Right vertical tail surface
V Left vertical tail surface
S SRMbooster
T External tank
X SRMnozzle
16
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SYMBOL COMPONENT
y External tank base & SRM booster base
l Orbiter attach poi.Jts
2 External tank attach points
3 External tank base rake
17
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TABLE I.
TEST : , IA-I_ [ _ATE: 9-13-73
TEST CONDITIONS
i_ ,,,
REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE
MACHNUMBER (pro umt length) ,pounds"sq.ft ) (degreesFal_enhelt)
,1
0.50 4.0 x 106 480 120
_ 0.75 ,_,7r, _ 1(36 __ q_.n 1-)n.__
0.85 2.b x i06 55n !20
0.90 3,b x 106 58(] ]?n
0.95 3.25 x !Q6 610 l?n _
0.975 3,()< 106 53(] 19n
___I:00. 3.0 x......106 235 12h
1.025 3.,J .: It-)6 54G 12n
I.05 ................... :i_..(LL !9 6 _ r._t.E____ -LgQ-
I.10 .....2,:5; __L!_ 55O 12,Q
_ 1.15 1",'. >, !o 6 , 575 12_.
1.25 2.75 x ',u_ : 540 120
1.40 2 75 x lO6
• p 570 12dZL
I
............... T
,,
i
LVA: 2,5-ii, MK XX (ORBITER)
Bo_LANCEUTliIZED. LVAp; 2.D-in MK XX ((]RB.).._ MK I (ET)
COEFFICIENT
A Fl,
CAPACITY. ,,C_,;RACY TOLERANCE:
MK XX!MK I
',r 600_) 7500 MK XX MK I
_F JcJUO375U 0.2_ 0.2%
A_ bOU IUO 0.2_ 0.2_
PM -_ --
RM 4tJO0 4000 .__ j_
YM
COMMI'_TS:Test cendition_ toy I_VAand LVAP model configurations
m
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TABLE I. Conc!uded.
I
TEST IA-14A J DATE : 9-13-73
TEST CONDITIONS
REYNOLDSNUMBER DYNAMICPRESSURE STAGNATIONTEMPERATURE
MACH NUMBER (perumt length) (poun(Is/_.ft) (degreesFahrenheit)
0.60 4.0 x 106 480 120
0.75 4.25 x I06 610 120
0.85 4.5 x 106 710 ]20 .
_ 0.90 4.5 x 106 7_0 120
0.95 4,5 x lO6 780 120
0.975 4._b .x106 750 120
1.05 4.2--5x 106 79.0 120
1.10 4.0 x tO6 760 120
1.15 3.15 x JU 6 /ZO 12C:
1.25 2.75 x.lO 'S 735 12fl
____ 1.40 3.0 x ]06 620 120
I
l
r_ p " .
BALANCEUTILiZED: 2.5-in MK XX {0,._.._2.75--;_nMK I {ET) __
COEFFICIENT
C_AFA(_',T_ A!:Ci!RACY T_)LERANCE:
[',K×X MK I MK XX MK I
,_r COL;O7500 0.2 0.2',
_ 3000 _,750 0.2 0.2
A_ 600 700 0.2: 0.2
Ru _UOO 4000 n_2_, n 2.,
COV'.*E',TSTe_t conditi,ms for [.V model confi,j.
I
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TEST RUN NUMBERS
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TABLE III• - MODEL DIMENSIONAL RATA
MODEL COMPON!_NT: ATTACH STRUCTURE - ATIo
GE_J_AL DESCRII_fION: Attach structure for InteGrated Vehicle Configuration
4_.__qVL72-OOOO88B and VL72-00OO8_, 'modified as follows: Removed
ET-to-SRM aft attach struts (4) _nd left orbiter to right ET aft
attach crossover rod.
MODEL SCALE: 0.0_0
DRA%_NG NO. : SEE DESCRIPTION
DIMENSIONS: FULL SCALE MODEL SCALE
FORWABD ATTACH
Orbiter to Tank
Number of struts 2
Diameter - In. 6.000
Location- In.
xo 782.ooo ii.4_
XT i078.OO0 32. 340
DRAG LINK ATTACH
Orbiter to Tank
Number of struts 2 2
Diameter, In. 15.000 0.450
Location, In.
xo 13o7.ooo _9.2_o .
x_ _.8_ .ooo 55.7Fo
AFT A"_Cn
Orbiter to Tank
Number of struts 2 2
Diameter - In. 12.000 0.360
Location- In.
X° l_Oy.OOO 39.210
XT 29.58.000 61.740
CROSSOVER RCD (RIGHT ORBITER TO LEFT ET)
Diameter, In. 8.000 0.240
Location- In.
xo 1_o7.ooo 39._1.o
XT 2058.000 61.7!kO _
L %,
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TABLE III. - Continued.
MODEL COMPONENT: ATTACN STRUCTURE - ATII
GENERAL DESCRIPTION: Attach structure s same a.s.AT1n except the forward
attach struts are rQtated to the vertical, and the structure extends
from the orbiter but is not attached to the tar_.
MODEL SCALE: O.OqO
DIMENSIONS: FULL SCALE MODEL SCALE
FORWARD ATTACH
Orbiter to Tank
Location - In.
xo _ 382.0oo ]] __
XT i133.000 33.99o
tank to strut - In. 16.667_Clearance, ___9.5OO
DRAG LINK ATTACH
Orbiter to Tank i
Clearance, tank to strut - In. 8.3_ 0.2_0
AFT ATTACH
Orbiter to Tank
Clearance, Tank to strut - In. 8.3_ 0.250
Crossover Rod
Clearance, tank to stru_ - In. 8.333 0._0
27
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TABLE III. - Continued.
MODEL COHPONENT: BODY- B26
GENERAL DESCRIPTION: Orbiter Fusela_:eConfi£uration 140 A/B
NOTE: B?6 identical to B24 except underside of fuselage refaired to
accept Wll 6.
Model Scale = .030
VL70-O0019 3
DRAWING NUEBER: VL70-OOOI,,OA'J
DIMENSIONS: FULL-SCALE MODEL _oCA_E'
Length {Body Fwd Sta Xo : 238) - in. ].29},3 38.799
Max. Width (at xo : IS20) - in. 262.0 3.860
Max.Depth(at Xo = 1464) in. 250.0 7.500
Fineness Ratio 0.26_7 0.26357
Area - ft 2
Max. Cross-Sectional 340.88462 0.30679
Planform
Wetted
Base
28
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TABLE Ill. Continued.
MODEL COMPONENT: CANOPY- C9
I
0.
GENERAL DESCRIPTION: Configuwtion 3A
mJ
Model Scale = :030ii ii i , i
VL70-(>3OILCA
DRAWING NUMBER , VLTO-CK_,] 42._;
DIMENSION: FULL SCALE MODEL SCALE
Length (Xo='_]_.6&3to 670) 235.357 7.06071
MaK Width (C_X:j=5!_.[27) 152.&12 4.57256
Max Depth (_ Xo=L,-_5.O) 25.O00 0.75000
• FinenessRati_
Area
Mox Cross-Sect;onc !
PJanform
Wetted
Base
29
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TABLEIII. - Continued. o
e
MODELCOI4PONENT: ELEVON- Ep6 , ji
GENERALDESCRIPTIO:I:Confiz,arution4
h_Z)T.E:VLTO-C)OC400d&t_-for (i) of (2) sides. Identicatto E25 except
airfoilthickness
,i
_:odelSc_le = .830
m •
•VL70--O0_2OO
DRAWIIIS_U_4BER: VLTO-OOOILO
DIMENSIONS: FULL-SCALE HODEL SCALE
Area 223.5PlL o.20122
Span (equivalent) 368.3& II=0@020
Inb'd equivalentchord 119.62_3 __.sa_6c
Outb'dequivalentchord 55.1922 .I,%_._.51Z__
Ratio movablesurfacechord/
total surfacechord
At Inb'd equiv,chord . 0.2096 0.2096
At Outb'd equiv, chord O.Z,O0'_ O.LOOL
Sweep Back Angles,degrees
" 0.00 0.00
..., LeadingEdge
.m4 • • - -.....
':.TailingEdge -_- -i0.056 -10.056
Hingeline 0.00 0.00
Area Moment (Normal to hir.ge line) 8_i.I_C_2 .O.,]JF_JL
i
. 30 I. ,
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:TABLEIII.- Continued.
MODEL COMPONENT: Body Flap - F_
GENERALDESCRIPTION: Conficur_.ticn A
i i
L w_ !
Model Scale - .030
DRAWING NUMBER VL70-000140B, VL70-000200
DIMENSION: FULL SCALE MODEL SCALE
Length in. .. 8/t. 7 2.5_I
Maw Width in. 262.308 .,7_R6924
Max Depth in. 23. 000 Jt_ L ('l/'t/'%/'1
FinenessRatio
Area - £t2
Maw Cross-Sect!onal
Plar_form 158.85350 0. 14297
Wetted
Base 41.89642 0.03771
, 31
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TABLE llI.- Continued. ,
MODEL COMPONENT: 0MS POD- M7 i
I.
GENERAl. DESCRIPTION: qor£i_,_tion 3A
t
t i i
•,, , i |
blodel Scale - .030
J
VLTO-O00140;,
DRAWl NO NUMBE R VLTO-OO¢I&5
DIMENSION: FULL SCALE MODEL SCALE
blngth (0:._Fwd St_ X0=1233.0) - I_:. 327.000 9.8Z0
Max Width (0 Xo=!iSO.O) - _. 9&._ 2.8350
Max Depth (g Xo=!4_3.0) - IN. 109.000 x _',n
I
Fineness Ratio
Areo
Max Cross-Sectlonal
Planform
Wetted
Base
, 32
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TABLE Ill. Continued.
MCIDSI.CO_O:;ENT: BSRM N0_ZZLES- N25
l _ _ .... L ' " ' |
r)cG_ERAL DESCRIPTION: Configuration 3A .....RM !'ozzles
_ ml j i n, _ J n n m ..... '
Model Scale = .030
i
__ _C2 L _ _ I
VL72-O__,';?_,_
•DRAWING NO. p^r;__ .
DIMENSIONS FUI/.-SCALE MODKt.SCALE
MA(}INO,
_ • _ _ J
DI&ME'I_R DEX _-IN (One :'ozzle) i_-1.3 4.2390
DIAM]_TERDT -- IN
DIAMETER D2J --,IN ""
ON ~DEGP_ES
AREA - FT2 (One);ozzle)
MAX CROSS-SgcrIO._;Ai, 108.89595 0.09801
61MBAL ORIGIN .._ Yo ZQ
LEFT NOZZLE ~ II;.F.S. 1825.3 -2A3 LOG
RIGHT NOZZLE -- IN. F$ 1825.3 +2/,3 AGO
NULL POSITION - D-_G. PITCH YAW
_ _ _* J
LEFT NOZZLE +8 +_8
RIGHT NOZZLE ±8 +8
%_ _" .
33
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TABLE III. - Continued.
MODELCOMPONENT: NOZZLES- N28] ii • i
GENERAL DESCRIPTION" "o_-'i-,,_-*ir_ 3_ '_
iZ mJ .... - .....
Model Scale = .030
I I J _ 'LJ | _ _ _ _ j .... , _ i _ , --
DRAWING NO. VLTO-OOOI/,O_
amu--i,_. _
D_ lONS FUI4,-SC#I_. MODFI SOLF.
J
MA(_ NO.
DIAMETER DEX --IN (Cne nozzle)
• i • i i _
DIAMETERDT -- IN
_-L
o
DIAMETER DR# _ IN
ON,,,DEGREES
AREA . 1_2 (one nozzle)
MAXCROSS-S ECTIO,_L_,L
GIMBAI.ORIGIN , X9 . _ Ya ZO
LEIT NOI/LE-. IN. 1518.0 -88.0 &92.0
RIGHT NOZZLE --It!. 1518.0 +88.0 &92.0
_ __ i i .... , ,
NULL POSITION PITCH YAW
LEFT NOZ/L£ ()T_L!!Pitch 15%9'; Yaw 12°17' ___o _'5
OUTB'D) _ _ 2°30' I!7_'D
RIGHT NOZZLE ('hll iitch 15°&9': Yaw 12°17'   I]°17'":'_'
OUTB'D) ..... ?°17' r';_'_,
" 34
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TABLEIII. - Continued.
NOO£LCOMPONENT: }_/DDER- R5
,, i
GENERALDESCRIPTION: 2A, 3 and 3A Con£1p,uJrationFer Rock_e.llL1r.es
¥L70-0OO095
i i L ,
,,|
Model Scale = .030
ORAWING NUMBER: VI,?0-000095
DIMENSIONS: FULL-SCALE MODEL SCALEii
Area - _2 106._8 ._ 0.09574
Span (equivalent) - IN. _ 201.0 6.0300
Inb'dequivalentchord _n_.5_ 2.74755
Outb'd equivalent chord .__50.833 1%52499.
Ratio ,mvable surface chord/
total surface chord
At Inb'd equiv, chord 0.400 0.40p
At Outb'd equiv, chord _ 0._00 0._,30
Sweep Back Angles, degrees
Leadtng Edge 3_.l_J 3&.83
Tat 1t ng Edge _
Xtngel tne 3&.83 3z,,_3
Area Moment(f;omal to hinge ltne)- _3 _ 0.01420,,
Product; of Area and Mean Chord
t
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TABLE 111. - Continued.
MODEL COMPONENT:__ BOOSTER SOLID }_0CKETMOTOR - S12
Con_,_._rz_cn 3,\ Data for (I) of (2) s_de._,GENERAL DESCRIPTION: "" '" "" ,
l
per Rockw;ellLineq.VI,7"/-CC2C,3(':, ,
| , _ ir
.Model Scale = .030
VL72-OOOO_SA
DRAWING NUMBER . _LVL77-0000_6A
DIMENSION: FULL SCALE MODEL SCALE
•length (Includes Nozzle) - IN, 17/,1,0 52.2300
Max Width (Tank Dia) - IN. I&2.3 4.2690 .
/V%oxDepth (Aft Shroud) - IN. 192.0 S.7600
Fi,e,essRatio 9.06771 9.06"77!
Areo - Fr 2
Max Cross-Sectionai 201.06193 O.18096
Pie.form
Wetted
Ba_,
WP of BSR2.!Centerline (ZT) - IN. .___/LO0 12.000
I_ of BS_4 Nose (XT) - IN. 200 6.000
1975015589-040
JTABLE Ill. - Continued.
MODEL COMPONENTI EXTERNALTANk - T12J illl -- jll IL
GENERAL DZSCRIPTION: Ex't,err_l Ox'TZcn tt:;d:'o_.,m To,rE:
NOTE: I_-tic'_l to T!! :_th _.:<tern_.lfu_l !ine_ _dded
i_ i -- "
VLT_-O3CO3iA
DRAWl NG NUMBER VL78-0009.',I:'_
t .
DIMENSION: FULL SCALE MODEL ._C;,'.r
Length - IN. (Nose O XT = 309) 1865 _ S7.629
Max Width (Dia) - IN. 32A 9.7Z
Mox Depth ,_ ,
o
. FinenessRatio 5.756!7 5.75617
Area - FT2
Max Cross-Sect;anal 572.555 17.177
Planform
Wetted
_ase t
WP Of Tc.nk Centcrline (Y'T)- IN. _.__+O0.O
I
!
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TABLE III.- Continued.
#40DELCOMPONENT: VERTICAL- V8
__ _J J, IL I J I J i I I I • - - -- I •
GENERAl.DESCRIPTION: Con_iT,1_t£cn3,_
L " ii C l __ l l l l J l
Mode] Sc_.le= .030
.... _ J ..... l _ m II - l l L l l l ml __ l
, VL_iO_OC,Z+O,_
DRAWINGNUMBER: VT.7OIOOOIL,6_
,DIMENSIONS: FULL-SCALE MODEL SCALC/_ I_ l _ _ l J- m jl __ L m
TOTALDATA
wm__
Area (Theo) Ft2 L.l.i).25] O.37193
Planform _- '
Span (Theo) In L-3i_.720
Aspect Ratio 1.67_ !.67_
Sweep BackAngles,degrees _-
LeadingEdge ._4).00
TralIingEdge .....2 _.9_? 2).c_,_
0,25 ElementLine L1.1)0 , 41.1300..
Chords:
Root (Theo)WP . _6_1 _ ll_ OS500__
Tip (Theo)WP l IO._.L_,'O 3.25410 ,
MAC - 1_9.f{)_56 S.9942S
Fus, Sta,of .25 MAC 3.L63.50 43.g._.qo
W. P, of ,25 MAC .._L_LQZ._ 19.,06566
B. L. of .25 MAC o.oo o.co _
A1rfollSectlon
LeadingWedge _le Deg I0.00 !0..00 _-
Trailing_'edgeAngle Oeg iL.o_..- #,
Leading EdgeRadius ()',in)- II_. _ 0.060
Vold Area _._? ,0.01185
• B1anketedArea O.9_ O.co
38
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TABLE III. - Concluded.
MODEL COXPO,_L'IT:" " '
GENERALDESCRIPTIC:I:Configuration 4
•NOTE: Identicalto W114 except airfoilthickness. Dihedralan_le is along
trailingedce of win_.
Model Scale = .030
VL70-OOO_4_B
TEST,NO, DWG. [{O,VLTO-OOL_"uu
DIMENSIO;IS: FULL-SCALE MODELSCALE
TOTAL DATA
"A'reaO_eo.) Ft2
Planform 26g0.oo _ 2__4210
Span (Thee In, 936.6816
AspectRatio 2.26S 2.26S.
Rateof Taper _ ,. 1.177
Taper Ratio O.20o O.2co
DihedralLqgle, degrees(atXo=ISO6.623,Yo= 3.'500 3.500
Incidence#n_le,des'.'eesi05, Zo= 282.7S) _ _____0-_0:.
Aercdxna:dc T_dst, d_grees +3.00_). *3. o0o
SweepBack Angles,degrees
LeadingEd_a 45.00 45.'00
Tr_.iIing Ed_a _ --_
0.25 ElementLine ::35.209 35.209
Chords:
Root;(Thee)B.P.O.O. 689.2429 20.67729
Tip, (Thee)B,P. 137.8486 4.1}546
_AC 4?4.81IJ_Z_.
Fus.Sta, of .25 MAC _
•W.P, of .25MAC 291.00 ___
B.L, of .25_,IAC , !87. 3349] 5.62005
EXPOSEDOAT,_ -
" A'rea-{f-_o) Ft2 1812.220s 1.63010
Span,(Thee) In. BPI08 736.6816 --22.10045
AspectRatio 2.0S8 2.0s8
Taper Ratio " 0.2451 0.24SI
_B_ Chords , .-
_,.,_'_j RootBPl08 " S?O.6230 17.11869
[,_ _] •Tip 1.00b , 137.8512 - 4.13554
_:,_ -MAC " 354.2376 1o 677!3
,_ Fus,Sta, of .25MAC 1164.237
-'_ W,P. of .25 V,;.C 292.00
_ ._ B.L. of .25 f"/*C 239.677£5
, .... AirfoilSection(P.ock,_ellI._od_IASA)
_:.;[r_. XXXX-64
-- Root b = 0.425 0.113 0.113
T|p b =, 1.00 0.12 0.12
Oat_for (I) of (2) Sides
LeadingEd.seCuff
PlanformArea Ft_ I_.'_ _ 0.1o6so
LeadingEdge IntersectsFus M. L. 0 Sta SOS.O _ 15.15000
LeadingEdge IntersectsWing O Sta lO03.S
39
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TABLEVll. - ORBITERBASE, BODYFLAP,ANDOMSNOZZLEPRESSUREORIFICELOCATIONS
t
ORBITER BASE
ORIFICE
LOCATION NUMBER
Orbiter Sting Cavity I
Orbiter Base (Lower Left Corner) 2
OMS Nozzle Base 3
data in datasets RB]CXX
RUDDER FLARE BASE BODY FLAP
RUDDER _ _ Z° X/CV ORBITER'_ o _ _Deg
I
FULL I MODEL .75 FULL MODEL 0 40
725 ] 18.75 4 1555 46.65 109 170
i Upper625 21.75 5 1590 47.70 173 174
data in datasets RB]CXX Lower
1590 47.70 i71 172
data n datasets RBIFXX
LEFT OMS NOZZLE SURFACE
X% IN. FWD.
NOZZLE EXIT _ _ DEG.
FULL MODEL 135 180 '_
10 .30 175 176 177
,,, , ,
20 .60 178
data in datasets RBIEXX
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TABLE XI. - EXTERNAL TANK ATTACH POINT PRESSURE ORIFICE LOCATIONS
XT Full
Scale 1103 1093 1083 1073 1063 1053 iO&3
XT Model
Scale 33.09 32.79 32._9 32.19 31.89 31.59 31.29
XT/IT •&24 ._19 ._13 .&O8 .&02 •397 .391
DEG.
68& 676 668 660 182.8&
_WD -- "
ATTACH 685 677 669 661 _ 136.38
POI_T
(ORBITER 686 6,7_ 670 662 655 189.92
TO E-T) I
687 .[_____79 671 656 ......652 193.&6
688 680 657 653 651 197.0
.......... I
689 ..68_. 1673,66_. 65_ 65_ 2_)" 5_
690 68_ ! 67_" I 6661659 2_eO8
data in datasets RBI2XX
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TABLEXl. - EXTERNALTANKATTACHPOINTPRESSUREORIFICELOCATIONS
(CONTINUED)
FULL 187& 1864 1854 184& 1834 1824 18/4SCALE
MODEL 56.22 55.92 55.62 25.32 55.02 5&.72 5&.&2SCALE
_ ,
)(T/ £T • 839 .031) .828 • 823 ,018 .812 .807
DEG.
719 713 707 222.84
FWD 720 714 708 701 226.38
DRAG ....
LINK ]721 715 709 702 696 229.91
ATTACH .... _ .....
POINT 722 710 703 697 693 233.46
704 698 694 692 237.O0
-I
699 695 240.54
723 718 V12 706 700 | 244.08
data in datasetsRBI2XX
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TABLE Xl. - EXTERNAL TANK AI-[ACH POINT PRESSURE ORIFICE LOCATION'.,
l (CONCLUDED)
FULL _008 _058 "O4B 2018SCALE " " "
I
62.04 61.74 60.5,1
XT/£T .943 .938 .91@
r DFG.
766 754 234 04
i
7(57 735 .Z37.38
76_ 756 241.12
AFT 780 17(79 244.66
UPPER
ATTACH 770 724 24 8.2
I 251.74
7,1 -59 255.28
777 760 323.51
773 7t-i 327.05
774 762 330.59
AFT
LOWER 775 334.13
ATTACH
"7_ t 723 337.O7
341.21
7oS 344.73
data in datasets RBI2XX
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o. Rudder, R5, lines drawing no. VL70-000095
Figure 2. - Concluded
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